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Venous ulcers are a part of the price that man has had to pay for achieving an upright posture. The condition was known to Hippocrates who also recognized the association with venous disorders of the lower limb. The significance of venous thrombosis and deep vein damage was recognized by Gay (1868) and Spender (1868) . There is now agreement that persistently elevated pedal venous pressure during exercise, due to incompetence of the calfmuscle pump, is the underlying physiological abnormality in patients with venous ulceration. This calf pump failure may now be quantified by direct measurement of pedal vein pressure (DeCamp et al. 1951 , Arnoldi 1966 or by noninvasive methods such as foot volume (Thulesius et al. 1973) , strain gauge (Barnes et al. 1975) or photoplethysmography (Lindhardt et al. 1982) .
The mechanism by which this venous hypertension produces skin ulceration is less clear. Homans (1917) pointed out that legs with venous ulcers did not always have varicose veins, therefore the term 'varicose ulcer' is inaccurate. Instead he hypothesized that the high venous pressure led to stagnation of flow and tissue anoxia. However, venous blood from limbs with venous ulceration has a higher oxygen content than normal limbs (Blalock 1929 , Fontaine 1957 , a finding which destroys the 'venous stasis' theory.
The explanation of this high venous blood oxygen content was thought to lie in the opening up of haemodynamically significant arteriovenous communications under the skin (Brewer 1950 , Piulachs & Vidal-Barraquer 1953 , Guis 1960 which then caused tissue anaemic anoxia and skin ulceration. However more sophisticated techniques using radioactively labelled aggregates have failed to demonstrate shunting (Lindemayr et al. 1972) .
The most plausible theory for the cause of venous, ulceration has been developed and researched by workers at St Thomas' Hospital in London. Persistently' elevated pedal venous pressure results in an increased tortuosity and dilatation of dermal capillaries (Whimster 1956 , Leu 1965 , Fagrell 1979 , Burnand et al: 1981 . The high venous pressure is transmitted to the intraluminal capillaries, resulting in increased permeability of the capillary'wall particularly to large molecules such as fibrinogen (Leach & Browse 1981, Burnand et al. 1982b ). The leak of fibrinogen into the interstitial fluid results in the deposition of fibrin in the tissues, which may be demonstrated histologically surrounding the nutrient capillaries in the dermis. This pericapillary fibrin has been variously described by workers as 'PAS-positive material in the papilla' (Leu 1965), pericapillary 'fibrin cuff' (Burnand et al. 1976 (Burnand et al. , 1982b and 'pericapillary halo' (Fagrell 1979) . Similar changes have' been produced in an experimental animal model (Burnand et al. 1982a ).
This condition of fibrin deposition in the tissues has been termed 'lipodermatosclerosis': patients with lipodermatosclerosis -have reduced fibrinolytic activity in their blood and in the veins of both their legs and their arms , Wolfe et al. 1979 ), suggesting a primary deficiency. This deficiency leaves these patients unable to cope with the increased load of fibrinogen entering the inter- Consideration has also been given to the lymphatic drainage of lipodermatosclerotic skin. Bollinger et al. (1982) using fluorescence microlymphography described lymphatic microangiopathy, and Fagrell (1982) described impaired local lymphatic drainage which he felt contributed to the pericapillary diffusion block. These changes are probably secondary to the fibrin deposition but may contribute to the skin damage by interfering locally with the clearance of metabolic waste products. Overall, limbs with venous disease have been shown to have an elevated rate of lymphatic clearance (Stewart et al. 1984) .
We have investigated patients with venous ulceration and lipodermatosclerosis by means of positron emission tomographic scanning on the Hammersmith ECAT 11 using oxygen-15 administered by continuous inhalation. This technique was developed for the study of regional cerebral function (Frackowiak et al. 1980) and was adapted for the study of the tissues of the leg. Scans were performed first with the patient breathing air with a trace of labelled carbon dioxide (C"502), and secondly breathing air with a trace of labelled molecular oxygen ('502). During the C'502 scan the tissue concentration of isotope is a measure of regional blood flow and during the 102 scan is a measure of regional tissue oxygen utilization. These studies showed that both lipodermatosclerotic and ulcer-bearing tissue had a very high blood flow, but a greatly reduced oxygen extraction, consistent with the presence of a pericapillary diffusion barrier .
Noninvasive, transcutaneous measurement of oxygen tension has been used to assess arterial disease (Clyne et al. 1982) , the viability of skin flaps (Archauer et al. 1980 ) and recently reimplanted extremities (Matsen et al. 1980) . This method was used by Ramsden & Clyne (1984) to study the skin of the gaiter area of the legs of patients with venous disease. They found significantly lower oxygen tension in patients with lipodermatosclerosis or ulceration compared with normal subjects or those with primary varicose veins. A similar study by Dodd et al. published in this issue of the Journal (p 373) has shown higher transcutaneous oxygen levels but analysed the anterolateral aspect of the leg. This reflects the higher blood flow in these diseased limbs but does not give information about the local area usually affected by liposclerosis. This paper reports interesting results on the effect of exercise in limbs with venous insufficiency. It would be valuable to correlate their findings with changes in venous pressure and blood flow. The beneficial effect of graduated compression stockings might also be assessed in this way.
In further studies we have used an antibiotic as a marker to measure this diffusion barrier. This was an attempt to develop a simple clinical test to predict ulcer healing rate. The antibiotic was injected intravenously in a dose related to the patient's surface area. The ulcer exudate was then collected by absorption onto discs of filter paper and the antibiotic concentration assayed. This concentration was found to increase when patients were admitted to hospital and confined to bed, suggesting a reduction in the diffusion barrier after the venous hypertension was relieved. The opposite effect was observed when patients became ambulant again.
Overall the concentration of the antibiotic correlated with the ulcer healing rate. The greater the antibiotic concentration, the less the diffusion barrier, the greater the healing rate .
Can this knowledge of the cause of venous ulceration help with the management of our patients? Venous ulcers remain a common and distressing condition in modem surgical practice, causing long-term distress to patients and occupying hospital beds as well as outpatient and district nursing services.
We are frustrated in our attempts to treat this condition. Surgical correction of the underlying calf-pump failure is not usually satisfactory due to deep vein damage. Only in a small proportion of cases where calf-pump failure is related to superficial vein plus perforator incompetence can conventional surgery help (Burnand et al. 1977) .
Lipodermatosclerosis may be reversed by the use of graduated compression stockings plus drugs such as stanozolol to enhance the fibrinolysis (Burnand et al. 1980 ). This is a most valuable practical application of the 'fibrin diffusion barrier theory'.
Unfortunately, persuading a venous ulcer to heal is far more difficult. Better skin nutrition is required to achieve healing than to maintain skin covering. The granulation tissue in the base of a venous ulcer lies on a sheet of fibrosis, which resists the growth of new skin and by the same mechanism may prevent skin grafts from taking satisfactorily, making treatment painfully slow. We believe that a test such as the antibiotic clearance described above can identify patients whose ulcers will respond badly to conservative treatment of bed-rest and skin grafting. This group of patients may be better treated by excision of their ulcers together with the underlying fibrosis with skin grafting onto the deep fascia, as long as this may be achieved without additional morbidity. The risk of exposing bone and tendon is considerable. Covering the excised area with musculocutaneous flap would be ideal but unfortunately no satisfactory flap has been developed that can reach the gaiter area of the leg.
Therefore venous ulcers continue to defend themselves against modern surgical techniques. Because of this we must remain particularly aggressive in our attempts to prevent deep venous thrombosis or, should we miss the boat at that stage, to prevent lipodermatosclerosis from progressing to venous ulceration. N F G Hopkins Senior Surgical Registrar Northampton General Hospital C W Jamieson Consultant Surgeon St Thomas' Hospital, London
